Seasonal variation in the level of extractive nitrogenous components was investigated in the muscle of puffer Takifugu rubripes cultured in two different areas of Taiwan. There were no seasonal and regional variations in the proximate composition of the fish. Of the free amino acids (FAA) in the muscle of puffer, the predominant one was taurine, followed by glycine, lysine, and alanine. Among nucleotide-related compounds, inosine monophosphate (IMP) and guanosine monophosphate (GMP) were the most prominent compounds. The total nucleotide-related compounds in the muscle of puffer were higher in July and November than those in the other months. The level of total taste-active components including glycine, alanine, arginine, GMP, IMP, and adenosine 5¢-monophosphate was much higher in the muscle of puffer collected from July to January. Therefore, the puffer is probably more palatable in these periods.
INTRODUCTION
The puffer Takifugu rubripes ('torafugu' in Japanese) is the most favorable fish species in Japan. Takifugu rubripes is an economically valuable species because of its palatability. It is consumed primarily fresh in accordance with consumer's preference. Due to the increase in demand for T. rubripes in Japan, the amount of cultured torafugu is increasing in Japan and in other countries such as mainland China and Korea. 1 Recently, T. rubripes has been cultured in Taipei and Ilan Prefecture, northern Taiwan. In our previous study we compared the toxicity of torafugu cultured at the two aquacultural farms with different geographic locations. We also compared the sources of pond water, and the artificial feeds through the 1 year. 1 It showed that all muscles of torafugu collected from Taipei and Ilan Prefecture were non-toxic (<10 MU/g). Therefore, the muscle of torafugu cultured in Taiwan is shown to be safe for eating.
Non-protein nitrogenous compounds, such as free amino acids (FAA) and nucleotide-related compounds, have been widely used as indicators for evaluation of the taste of fish and shellfish. [2] [3] [4] [5] [6] [7] The levels of non-protein nitrogenous compounds in the fish and shellfish, such as milkfish, 8 ayu, 9 yellowtail, 10 disk abalone, 11, 12 and small abalone, 13 are well known to show seasonal variations. The objective of the present study is to establish basic data of proximate composition, FAA, and nucleotiderelated compounds in puffer muscle throughout the year.
MATERIALS AND METHODS

Samples
Live cultured puffer Takifugu rubripes specimens were collected from cultured farms in Taipei and Ilan Prefecture, Northern Taiwan from November 1996 to September 1997. The samples were transferred with ice to our laboratory in Keelung within 4-5 h. Therefore, most fish had been in rigor mortis when they were analyzed. The size of specimens was shown in Table 1 . The fish were cut with the scalpel to take the middle part of dorsal muscle as samples. For each collection the middle dorsal muscle from at least six specimens was mixed well for extraction.
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Free amino acids were separated by ion exchange chromatography and analyzed by a Hitachi L-8500 highspeed amino acid analyzer with a Hitachi 2622 SC packed column (4.6 ¥ 60mm) (Hitachi Ltd, Tokyo, Japan). The standard analytical method applied for physiological fluid assay was performed according to the instruction manual provided by the manufacturer. The levels of FAA were estimated on the basis of peak area of the known concentration of a standard (Wako Ltd, Osaka, Japan) by a Hitachi D-2850 Chromato data processor.
Analysis of nucleotides and related compounds
A 5 g sample was homogenized in 30 mL of 6% cold perchloric acid (PCA) for 2 min, followed by centrifugation at 1600 g for 20 min at 4°C. The precipitate was extracted by the same way, and the procedure was repeated twice. The supernatants were combined and adjusted to pH 6.5 with KOH and then incubated for 30 min at 0°C to precipitate potassium perchlorate. After filtration, the supernatant was made up to 100 mL with neutralized PCA (pH 6.5) for nucleotide compound analysis. Nucleotides (adenosine 5¢-triphosphate, ATP;
Analysis of proximate composition
Moisture, crude protein, lipid, and ash were determined according to the Association of Official Analytical Chemists method.
14 Protein was estimated from the total nitrogen multiplied by 6.25.
Analysis of free amino acids
The extraction of FAA was carried out according to the method described by Konosu et al. 3 A 10 g tissue sample was homogenized with 30 mL of 7% cold trichloroacetic acid (TCA) using a Polytron PT-3000 homogenizer for 2 min. The homogenate was centrifuged at 4000 g for 20 min at 4°C. The supernatant was filtered through Advantec Toyo No. 2 filter paper. The precipitate was extracted twice with TCA by the same procedure. The supernatants were combined and made up to 100 mL with 7% TCA. The TCA extract was mixed with an equal amount of diethyl ether to remove TCA and fat. This procedure was repeated five times. The aqueous layer was evaporated to dryness in vacuo at a temperature below 40°C. The dried matter was diluted with redistilled water and made up to 25 mL for FAA analysis.
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D-F Hwang et al. adenosine 5¢-diphosphate, ADP; adenosine 5¢-monophosphate, AMP; inosine 5¢-monophosphate, IMP; guanosine 5¢-monophosphate, GMP; cytidine 5¢-monophosphate, CMP; uridine 5¢-monophosphate, UMP), nucleosides (inosine, adenosine, guanosine, cytidine, uridine), and bases (hypoxanthine, xanthine, guanine) were determined by high-performance liquid chromatography (HPLC, Shimadzu LC-10A) on a Cosmosil 5C18-MS column (4.6 ¥ 250 mm). 8 The mobile phase consisted of eluent A (50 mM KH 2 PO 4 -K 2 HPO 4 , pH 6.5) and eluent B (eluent A/methanol = 9:1, v/v). Eluent A was applied for 14 min, followed by a linear gradient with an increase of eluent B up to 25% at 18 min, 90% at 22 min, 100% at 25 min, and 100% of eluent B was then kept for another 25 min. The flow rate was 0.7 mL/min. The column temperature was ambient (24-26°C). The detection was monitored at 254 nm.
RESULTS
Proximate composition in the muscle of puffer
The proximate composition of the muscle is shown in Table 1 . Moisture and crude protein are major components in puffer. No regional and seasonal variation in the proximate composition of puffer was observed. The ranges of proximate composition are as follows: moisture 79.1-80.6%, ash 1.1-1.4%, crude protein 17.5-18.9%, and crude fat 0.2-0.4%.
Free amino acids in the muscle of puffer
Because the difference of moisture content among samples was not significant, the concentrations of FAA and nucleotide-related compounds were expressed as micromoles per gram of wet weight in the muscle of puffer. The level of total FAA in the muscle of the puffer is shown in Fig. 1 . The amount of total FAA of puffer collected in Ilan Prefecture from November 1996 to January 1997 was higher than that in other seasons, but there was the lowest level of total FAA of the specimens in Taipei Prefecture in November. The range of total FAA in the muscle was 22.5-27.8 (26.3 ± 2.0, mean ± SD) mmol/g for Taipei's specimens, and 13.7-36.0 (26.0 ± 7.8) mmol/g for Ilan's specimens. Among all samples examined, the highest and lowest levels of total FAA were found in the specimens collected from Ilan Prefecture in January and March, respectively. Seasonal variation of total FAA of puffer cultured in Ilan Prefecture fluctuated more apparently than those of puffer cultured in Taipei Prefecture. Figure 2 shows the seasonal variations of the major FAA in the muscle of puffer. The predominant FAA in the muscle were taurine, glycine, lysine, and alanine, of which taurine was the most prominent and accounted for 25-49% of the total FAA. The highest level of taurine (15.4 mmol/g) was found in the specimens from Ilan Prefecture in January, but the lowest level of taurine (7.1 mmol/g) was presented in Taipei Prefecture in the same month. Seasonal variations of the level of taurine, glycine, and lysine were similar to those for Ilan's specimens, but that of taurine and glycine level varied inversely for Taipei's specimens. Except for taurine, glycine, lysine, and alanine, the other FAA in the muscle were found to show slight variations through the whole year cycle.
Nucleotides and related compounds in the muscle of puffer
The level of total nucleotide-related compounds in the muscle of puffer is shown in Fig. 3 . Seasonal variation of the total content of these compounds in the samples collected from Taipei Prefecture was similar to that from Ilan Prefecture. The total content of these compounds in the muscle was higher in July and November than in other seasons. It was also found that the total content of these compounds in the muscle collected from January to May in Ilan Prefecture was higher than that in the Taipei Prefecture. The range of total content of these compounds in the muscle was 6.9-17.1 relatively small. Although the seasonal variation profile of IMP in the specimens collected from these two sites was somewhat different, the puffer had the highest level of IMP in July. In addition to IMP and GMP, the other nucleotides in the muscle showed a little variation throughout the year. As described previously, 4,5 FAA have been found to evoke a marked taste together with some 5¢-nucleotides in muscle extracts of seafood. Glutamic acid, proline, glycine, leucine, isoleucine, alanine, arginine, IMP, GMP, and AMP have also been reported as the taste-active components in fish and shellfish. [15] [16] [17] [18] [19] [20] [21] Among above taste-active components, glycine, alanine, arginine, IMP, GMP, and AMP were found to be rich components in the puffer muscle. The seasonal variation of the total level of these taste-active components is shown in Fig. 5 . It was found that the level of total tasteactive components was higher in the specimens collected from July to January than that in other seasons.
DISCUSSION
The present study revealed that the muscle of puffer T. rubripes is characterized by high levels of FAA such as taurine, glycine, lysine, and alanine, and by those of nucleotides such as IMP and GMP. Their levels differed greatly between the season and probably the geographic (10.6 ± 4.1) mmol/g for Taipei's specimens, and 11.8-16.2 (13.8 ± 1.6) mmol/g for Ilan's specimens.
The seasonal variations of the major nucleotiderelated compounds in the muscle of puffer are shown in Fig. 4 . Among these compounds in the specimens, the predominant ones were inosine monophosphate (IMP), guanosine monophosphate (GMP), cytidine, and adenosine monophosphate (AMP). Inosine monophosphate was the most dominant one and accounted for 32-74% of the total content. The amount of adenosine triphosphate (ATP), and adenosine diphosphate (ADP) were 1126 FISHERIES SCIENCE D-F Hwang et al. location. It is well known that the spawning season of puffer is between March and May. 22 Although the variation of total amino acids in Taipei's specimens was not found, the level of total amino acids was lower in spawning season than that of other seasons in Ilan's specimens. In addition, the level of total nucleotides in the muscle of the puffer collected from both places was also lower in this season. It means that the spawning season may affect the variation of total amino acids and nucleotides in the muscle of the puffer. In particular, the level of total taste-active components was very low in the spawning season. In our previous paper, 1 we discussed the fact that the culture environment in both places was quite different. Therefore, the variation of total amino acids and nucleotides in the puffer muscle might be also affected by environmental and nutritional conditions. In contrast, no difference was observed in the proximate composition in the specimens throughout the year. Among them, moisture and crude protein were the major components. The proximate composition profile was generally similar to that of Japanese torafugu. 23 Taurine was the most predominant FAA and accounted for one-quarter to one-half of the total FAA in the present study. Saito and Kunisaki reported similar data in the Japanese torafugu. 7 They also presumed that the high level of taurine in the puffer might be related to osmo-regulation. Taurine was also widely distributed in the muscle of white-fleshed fish and freshwater fish. 2 Moreover, it was proven that the accumulation of taurine in mollusc leads to the main cellular osmotic adjustment. 24 , 25 Fuke demonstrated that not only combinations of taste-active components but also the relative quantities among them are important in producing the specific flavor of each seafood.
5 Whether or not the high level of taurine contributes to the improvement of the overall palatability of the puffer should be further studied.
Among nucleotide-related compounds in Taiwanese puffer, IMP was the most prominent one. In general, high levels of IMP would be primarily accumulated in fresh fish muscle according to the degradation pattern of ATPrelated compounds. 3, 6, [8] [9] [10] As mentioned above, some FAA and nucleotides are now well known as the tasteactive components. [15] [16] [17] [18] [19] [20] [21] Inosine monophosphate itself has umami taste, and the coexistence of l-glutamate and IMP, GMP or AMP can produce synergistic effect. 4, 5, 26 This effect provides the muscle with not only umami taste but also such taste senses as continuity, complexity, mouthfulness, and palatability. 4, 5 Recently, Nakamura and Kurihara proposed that the synergistic effect appears to arise from an allosteric effect of nucleotides on a glutamate receptor. 27 The puffer were rich in glycine, alanine, arginine, IMP, GMP, and AMP, which are known as taste-active components. These compounds may also contribute to the characteristic taste of the puffer. The content of total taste-active components was more abundant in the specimens from July to January. Therefore, the puffer is probably more palatable in these periods.
